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Introduction 

 
The main goal of recently established EU NANO4TE Cluster of projects involved in research 

of thermoelectrics (TE) is to enable cross-fertilizing of the projects, make key 

recommendations on future research needs in the TE domain, in order to contribute to the 

set-up of a nanotechnology roadmap to foster the development of TE in Europe and the 

transfer of key results to industry. 2
nd

 Workshop (WS) of The European Nanotechnology for 

Thermoelectrics Cluster was held on January 23-24, 2014 at Château de la Baume, Seyssins 

(France), hosted by CEA / Grenoble. Building on the success of the 1
st

 Workshop of NANO4TE 

cluster, which was organised with the support of the EMRS during the fall EMRS conference 

in Warsaw on September 17, 2013, the participants of the 2
nd

 WS elaborated a strategy to 

overcome bottlenecks identified by the 1
st

 WS and they were looking for best ways how to 

implement these ones through the current European roadmaps like those of Nanofutures, 

EMIRI and SET plan industrial initiatives.  

 

The main goal of this second workshop was therefore to identify and rank the main and 

most urgent bottlenecks and the research and innovation priorities to overcome them in the 

short, medium and long term, to align these priorities with those obtained from the different 

European roadmaps in order to propose an implementation plan to foster the use of 

research results and their commercialization. 

 

The following agenda was followed during the WS: 

1. Presentation of the EU Nano4TE  Website & Joint Dinner 

2. Welcome, review of the 2nd workshop objectives and agenda 

3. Analysis of the Nano4TE projects’ portfolio 

4. Summary of research needs for Thermoelectrics: the role of nanotechnology through 

the project portfolio 

5. Presentation of EMIRI - strategy & implementation plan for nanomaterials for TE 

6. Presentation of Nanofutures - a roadmap for key enabling nanotechnologies for TE 

industrial  for industrial applications 



7. Identification of links of EU Nano4TE needs with EMIRI and Nanofutures roadmap 

and ways of their coordination with these roadmaps 

8. Identification of recent achievements and presentation of the common points and 

future action plans 

 

1. Presentation of the EU Nano4TE  Website 

 

On the eve of the workshop (January 23) a new website of the Nano4TE (www.nano4te-

cluster.eu) cluster was presented by Bertrand Fillon and Julia Simon. The website was 

introduced at beginning of 2014 and it should improve visibility of TE dedicated projects and 

enhance a public awareness on the TE technology.  A discussion was held on a structure and 

a content of the website. The recommendations raised during the discussion (e.g. creating a 

personal d-base of the involved and interested participants) are going to be implemented. 

The representatives of the participated projects were encouraged to publish the best results 

achieved within their projects on the web site as well, to multiply dissemination effects. 

 

2. Welcome, review of the 2nd workshop objectives and agenda 

 

As an introduction of this second workshop on January 24, 2013, Bertrand Fillon reminded 

the Nano4TE cluster objectives and the mains conclusions obtained after the 1
st

 WS. They 

were: 

 

a) The cluster of TE projects will enable to make links between projects addressing the 

same technology, to exchange information, to establish research needs and to organize 

meetings. 11 TE projects have been distributed in 3 sub-clusters. Since the WS a website has 

been created http://www.nano4te-cluster.eu/ and presented to the participants of the 2
nd

 

WS. 

 

b) The main conclusions of the 1st workshop have been reminded: 

- ZT ~ 1 is O.K. Averaged values of ZT ~ 1 of developed thermoelectric materials 

should be enough to speed up implementation of the technology from lower TRL-

levels towards the real applications. 



- Nano-based approaches for thermoelectricity are effective in improving of 

thermoelectric efficiency of the developed materials (nanomaterials).  

- Exchange of best laboratory practices: this approach could prepare in the long 

term a perspective for standardisation of measurements. Public awareness is also 

required. 

- Focus on scalability: scalability for materials as well as components (along the 

value chain) is the main priority in short term. 

- Multimaterial aspects: the assembly processes control and in particular the 

contact resistance is a bottleneck to be overcome in order to produce 

multimaterial components with higher efficiency. 

- The durability is crucial for the industrial application of the developed 

nanomaterials and TE components. 

 

Bertrand Fillon also reminded the main objectives of the Workshop. Namely they were: 

- to identify and validate the common research and innovation priorities of the 

different projects 

- to update technical data and align the EU Nano4TE bottlenecks and priorities with 

other EU roadmaps (NANOfutures, EMIRI, KIC) 

 

3. Analysis of the Nano4TE projects’ portfolio 

 

The analysis of the Nano4TE projects’ portfolio made in Report from the 1
st

 NANO4TE WS 

was presented to the WS participants by Bertrand Fillon. The analysis revealed a strong 

orientation on the development of new bulk nanostructured and/or nanocomposite 

compounds with enhanced thermoelectric properties mainly within the portfolio projects 

supported under the NMP programme and a distinct focus of majority of the participated 

projects towards developing more efficient thermoelectric generators for waste heat 

recovery especially in automobile applications motivated by the mandatory CO2 emission 

reduction targets for new cars adopted by EU legislation from 2020. As for prospects of a 

better transfer of the projects results to the commercialisation step the proportional 

representation of RTO (research and training organisations) participants and industrial 

partners in the project portfolio (58 % : 42 %) was found favourable as well as the good 



balance between SMEs and large industries (43 % : 57 %). Possible drawbacks in the issue 

was found during discussion in fact that just one large industrial partner is involved in more 

than one of the participated projects and all of the projects, except for one will finish in 

2014. Presented SME’s (O-Flexx) expressed concern about the fact, that under FP 7 “SMEs 

are not allowed to produce any results directly used for market from EC-funds”. The fact 

following from the above mentioned analysis, i.e. most of the projects will finish just before 

“Valley of Death” gap, i.e. producing prototypes or POC-modules and further potential 

commercialisation is endangered to stick in the gap. It was mentioned that some kind of 

explicit addressing of the “Valley of Death” problem is expected in EC Horizon 2020 

programme.  

 

 

4. Summary of research needs for Thermoelectrics: the role of nanotechnology through 

the project portfolio 

 

Three ERC-funded projects (Ideas programme) joined the cluster and they are to be represented in 

NANO4TE by Maria De La Soledad Martin-Gonzalez (CSIC Madrid, Spain). The projects will be 

integrated into relevant sub-clusters after a discussion. 

 

Within this point of the agenda a question was raised by the representative of ETS, Professor 

Harald Böttner on the name of the cluster. He reflected opinion both ETS and some 

members of the cluster, that the name –NANO4TE - does not fully reflect the scope and 

breadth of the subjects studied within thermoelectric field. Majority participated members 

agreed on it, but during the WS no final decision on the issue had been made.  

 

 Maria De La Soledad Martin-Gonzalez announced on the WS that European Conference on 

Thermoelectrics will be organized in Madrid, Spain on September 24
th

 – 26
th

, 2014. The conference 

will be held in the Central Headquarters of the Spanish National research Council (CSIC) in the centre 

of Madrid - Serrano. It was proposed to hold the next meeting of the NANO4TE cluster just during 

the conference. The proposal was agreed by the participated members of the cluster.  

 

 



5. Presentation of EMIRI - strategy & implementation plan for nanomaterials for TE 

 

Energy Materials Industrial Research Initiative (EMIRI) was presented in the WS by its 

Managing Director Peter Rigby. In his presentation he introduced the participant i.a.  in the 

EMIRI goals & status “to provide guidance, focus, direction and commitment to succeed in 

commercialising value added materials programmes for strategic low carbon energy 

applications fully in line with the SET Plan materials road map”. Peter Rigby presents the 

EMIRI strategy and implementation plan for materials in Energy applications. There is no 

EMIRI roadmap per se, they inspired from the SET plan materials roadmap. Currently EMIRI 

has no TE activities for the moment but TE applications fit well within the scope of EMIRI’s 

activities. 

 

6. Presentation of Nanofutures - a roadmap for key enabling nanotechnologies for TE 

industrial  for industrial applications 

 

Bertrand Fillon presented the NANOfutures roadmap. Seven Nano-enabled Value Chains 

(VC) have been identified, which constitute the backbone of the NANOfutures roadmap. 

 

7. Identification of links of EU Nano4TE needs with EMIRI and Nanofutures roadmap and 

ways of their coordination with these roadmaps 

 

After these presentations, participants of the WS were randomly separated into three 

groups (Annex 2) and during 2 hour ‘brainstorming’ session working with NANOfutures 

roadmap, each of the groups selected the Value Chains, which of the VC fits in best with 

thermoelectrics and its applications. Also within each of the VC, most suitable lead markets 

were selected as well by the groups. Within each of the lead markets, number of relevant 

actions in the production chain was selected by the groups as well. After this first 



identification, each group leader presented the group results. The opinions of all groups 

were consolidated and summarized (Annex 3).  

Based on the majority opinion of the groups following results were obtained: 

Among the all NANOfutures Value Chains, five of them have been identified for TE 

applications: 

1. VC4 : Functional Alloys, Ceramics and Intermetallics 

For this Nano-enabled Value Chain, the three working groups have been in a 

complete agreement to highlight the two lead markets as main priorities for 

thermoelectric applications: 

• Energy Harvesting & Energy Conversion 

• ICT Functional Packaging  

2. VC1 : Lightweight Multifunctional Materials and Sustainable Composites 

Concerning the Nano-enabled Value Chain 1 (VC1), among the six lead markets 

presented in the NANOfutures roadmap for this VC, only two have been highlighted 

by the nano4TE working groups:  

• Energy 

• Transportation 

A third market (ICT market) has been identified for sensors approaches. 

3. VC6 : Integration of Nano 

This NANOfutures Value Chain from the roadmap was also considered by all groups 

as relevant to interests of TE. Among the five lead market of this VC6, two of them 

were prioritized:  

• Direct manufacturing 

• Semi-finished. 

4. VC3: Structured Surfaces 

For this VC only one lead market has been highlighted by the three working groups: 

• Energy 

5. VC2  : Nano-Enabled Surfaces for multisectorial applications 



Especially the following production chains were envisaged to be relevant for TE in 

long term:  

• Wet Engineered Nano-Enabled Surfaces for multisectorial applications 

• Plasma and Vacuum Engineered Nano-Enabled Surfaces for multisectorial 

applications 

 

In the NANOfutures roadmap all VCs are composed of specific actions in the production 

chain expected to be of interest either in the short term (ST), medium term (MT) or in long 

term (LT) perspectives. Figure 2 illustrates an example for the VC1 energy applications:  

 

Figure 2: VC1 production chain on lightweight Multifunctional material and sustainable composites 

for Energy. 

As a second step, the most important actions focused on TE applications have been listed for 

the top VC of the NANOfutures roadmap (Annex 3). This identification has been done 

through a cross mapping of the different actions listed in each production chains of the VC 

listed in NANOfutures roadmap: 

1) VC4: All of the 12 actions listed in the two productions chain (Energy Harvesting & 

Energy Conversion, ICT Functional Packaging) of this “Functional Alloys, Ceramics and 

Intermetallics” VC have been selected as important for TE applications (see Fig 3). 



 

Figure 3: Prioritized actions relevant to TE – interests for VC4 (in yellow ‘bubbles’) 

2) VC1: Concerning the VC1, three main actions from the different production chain 

were highlighted by the working groups. These actions are also identified depending 

of the TRL. These three actions are (see Figure 4):  

a. Multilayer barrier materials (TRL 5 to 7; ST, MT, LT) 

b. Development of cost effective industrial scale technologies (TRL 5-6; ST) 

c. Material modelling, thermal simulation and process design (TRL 1 to 4; LT) 



 

Figure 4: Examples of prioritized actions in VC1 within Energy market 

 

3) VC3: Three main actions are listed as very important in order to scale up the 

laboratory results from the different TE projects. These three actions are:  

a. 2D printing with higher definition higher throughput (TRL 5 to 7; ST),  

b. 2D/3D metrology for process and functional properties analysis (TRL 5 to 7; 

MT),  

c. 2D integration of technologies with increased throughput and definition (TRL 

5 to 7; MT) 

 

4) VC6: Within Integration of Nano Value Chain, three priorities have been identified: 

a. Precision large scale nano/micromanufacturing of 3D structures (TRL4 to 6; 

LT),  

b. Nanomaterials electrochemical deposition, tape casting, block co-

polymerisation, self-assembly (TRL 7-8; MT)  

c. Overall materials and product design system architecture (TRL 5-7; ST) 



5) Also in order to have a good modelisation of the TE from materials to the 

components, three actions from the VC7 with the multiscale modeling and testing 

has been highlighted:  

a. Multiscale and multiphysics (TRL 7-8; ST) 

b. Complete integration of the set of available tools (TRL 7-8; LT) 

c. Connect simulation tools and programs to test and demonstrate capabilities 

(TRL 7-8; ST) 

 

As a final, to address the 1st Nano4TE Workshop recommendations dedicated to the 

materials issues (typically addressed by Nanofutures and EMIRI roadmap), three main 

priorities have been highlighted. They were detected within VC4, in Energy Harvesting & 

Conversion market. These priorities were intentionally selected to ‘cover’ the whole 

production chain and to ‘cover’ all terms on the material side. They are (see also Figure 5): 

1) Evaluating compatibility of new materials with existing processing steps. Intimate 

mixing on the nanoscale. Evaluation of suitable synthesis strategies with respect to 

materials quality and high volume production (TRL 1-4, Tools-Materials-Modelling-

Metrology, ST) 

2) Modelling of chemical composition, size and functional properties as a function of 

growth conditions for hosted nano particle systems (TRL 5-6, Modelling-Metrology-

Components, MT) 

3) Scaling up of existing technologies typically above 100 kg/day. Design of high volume 

processing routes. Improvements in synthesis processes: uniformity. (TRL 7-8, 

Metrology-Components-Assembly-Final products, LT). 

 



 

Figure 5: Top 3 priorities (actions) recommended by NANO4TE WS 

8. Conclusions - Identification of recent achievements and presentation of the common 

points and future action plans 

The R&D actions related to the development of thermoelectrics materials, as mentioned in 

the 1
st

 workshop conclusions, were linked to the nanofutures and EMIRI roadmaps, and 3 

priorities were defined : 

Averaged values of ZT ~ 1 of developed thermoelectric materials should be enough to 

speed up implementation of the technology from lower TRL-levels towards the real 

applications 

Scalability for materials as well as components (along the value chain) is the main priority 

in short term. 

The durability is crucial for the industrial application of the developed nanomaterials and 

TE components. 

 

Concerning remaining key issues, regarding in particular scaling up at the components level 

(assembly process, durability issues), it should be linked to other technology roadmaps 



(EMIRI, KIC Innoennergy, …). This will be the object of next NANO4TE workshop organized in 

Madrid during the European Conference on Thermoelectrics (24-26 september). 

 

 

  



ANNEX 1  

List of attendees  

 

 

 

 



ANNEX 2  

The distribution in 3 brainstorming groups 

 

 
 

 

 

 



ANNEX 3 

Consolidated tables summarizing the results of ‘brainstorming’ session 

(preferred NANOfutures Value Chains and lead markets fitting in best with TE 

requirements) 

 

 

 

 

 

 


